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Uni-directional optical signal processing is of key interest for integrated photonic circuits as it
allows to suppress distortions from spurious reflections. Non-reciprocity can be achieved by coupling
optical signals to mechanical degrees of freedom, however, with only a limited bandwidth given by the
narrow linewidth of the mechanical resonance. Here, we present a non-reciprocal light storage scheme
that is based on optically excited traveling acoustic waves that exceeds the intrinsic bandwidth of
the acoustic resonance by more than one order of magnitude.
Storing light as sound waves is an intriguing and powerful
concept for delaying optical signals, not only because it
allows for large fractional delays [1, 2] and preserves the
coherence of the signal [2] but also because it allows ad-
vanced functionalities such as uni-directional light stor-
age [3]. The non-reciprocity originates from the strict
phase-matching condition that allows coupling of the op-
tical to the acoustic wave. This form of non-reciprocity
was proposed and implemented in several different opto-
mechanical systems [4, 5]. So far non-reciprocal sys-
tems based on the interaction between light and mechan-
ical degrees of freedom, however, were limited by the
narrow linewidth of the mechanical resonance. To cir-
cumvent said limitation it was recently shown that one
can achieve non-reciprocal behavior with a large band-
width via acoustic pumping using inter-digital transduc-
ers (IDT) instead of optical pumping [6].
Here, we demonstrate non-reciprocal light storage
based on stimulated Brillouin scattering. The scheme is
implemented utilizing high Brillouin gain planar waveg-
uides. As we are operating in a waveguide instead of a
resonator, we are not limited by the mechanical linewidth
of the resonator. Without this limitation, the profile of
the Brillouin response follows the profile of the optical
pump and hence can be extended far beyond the intrin-
sic narrow acoustic linewidth. We are able to achieve
non-reciprocal light-storage over a bandwidth that ap-
proaches a GHz which is more than an order of magnitude
wider than the intrinsic Brillouin linewidth of around
30 MHz.
The basic principle of uni-directional Brillouin light
storage is shown in Fig. 1. The optical data pulses
are transferred to the acoustic domain via counter-
propagating optical write pulses, offset in frequency to
the data pulses by the Brillouin frequency shift of the
waveguide. A second optical pulse (read pulse) following
the write pulse retrieves the optical data pulse by trans-
ferring it back from the acoustic to the optical domain.
The underlying phase-matching condition is only ful-
filled for counter-propagating optical data and write/read
FIG. 1. a) Simultaneous storage of data pulses at two distinct
wavelengths in a waveguide as acoustic phonons. b) Propa-
gation direction of data pulse 1 is reversed, which allows it
to be transmitted through the waveguide unaffected without
being stored due to the phase-matching condition underlying
the Brillouin process. This holds even for the case where a
second set of data and write pulses, at a different wavelength,
simultaneously create an acoustic phonon in the waveguide.
pulses and therefore data pulses traveling in the reverse
direction are not affected by the Brillouin light storage
process.
The experimental setup is shown in Fig. 2. Two lasers
are used to generate data and write/ read pulses via
a pulse generator and intensity modulators. A multi-
wavelength multi-channel switch is used to direct the
pulses to the input/ reverse input of the chalcogenide
chip that acts as the storage medium. After the pulses
are being stored in the chip, narrowband filters are used
to separate the wavelength channels and the retrieved
data pulses are measured with a fast photodiode and os-
cilloscope.
Figure 3 a) shows the storage of two channels at
different wavelengths simultaneously. In Fig. 3 b) the
propagation direction of the optical data stream is
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FIG. 2. Experimental setup. CW: continuous wave; SSB: single-sideband modulator; IM: intensity modulator; PG: pulse
generator; BP 1/ 2: bandpass filter 1/ 2; PD 1/ 2: photodiode 1/ 2; CH 1/ 2: wavelength channel 1/ 2.
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FIG. 3. a) and b) shows the simultaneous storage and re-
trieval of two data pulses at separate wavelengths in a waveg-
uide. c) Reverse propagation direction of data 1 shows the
transmission of the data pulse without being stored due to
the Brillouin phase matching condition. d) While data pulse
1 is transmitted in the reverse direction data is stored as an
acoustic wave and retrieved at wavelength channel 2.
reversed, hence the phase-matching condition between
the data and the write/read pulses is not fulfilled and
the data pulse is transmitted. The slight change in the
pulse shape can be accounted to other optical nonlinear
effects present in the waveguide. The unique phase
matching condition between counter-propagating optical
waves and traveling acoustic waves allows furthermore
storing data pulses at a second channel, separated
in wavelength, simultaneously without detrimental
distortions. It shows the frequency preserving nature of
the non-reciprocal light storage scheme based Brillouin
interactions in a waveguide and its potential in multi-
wavelength applications [7]. This stands in contrast to
light storage schemes based on mechanical modes in
resonators where the retrieved signal frequency depends
on the frequency of the read pulse [3].
In summary we showed on-chip uni-directional signal pro-
cessing utilizing interactions between optical and acoustic
waves with a bandwidth exceeding the intrinsic acoustic
linewidth of around 30 MHz by more than an order of
magnitude.
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